In this work we studied the structural and optical properties of lithium tantalate ͑LiTaO 3 ͒ powders doped with Eu 3+ ions. We have examined the different sites occupied by the rare earth ion through the correlation of the DRX data analyzed with the Rietveld method and some spectroscopic parameters derived from the Eu 3+ luminescence. A direct relation was established between the lattice parameters and the "occupation fraction" of Eu 3+ in each LiTaO 3 site. The occupation fraction was set as the relative population of Eu 3+ ions for each site obtained by means of the intensity, baricenter, and the spontaneous emission coefficients of the 5 D 0 → 7 F 0 transitions. We concluded that the unit cell parameter a presents the same behavior of the Eu 3+ occupation fraction in Ta 5+ sites as a function of the Eu 3+ content in LiTaO 3 . The same was observed for the variation in Eu 3+ occupation fraction in the Li + site and the unit cell parameter c with the Eu 3+ content.
INTRODUCTION
Lithium niobate is a material endowed with interesting optical and electronic properties, which make it potentially applicable in optoelectronic devices.
1 Visible and infrared lasing properties can be obtained by doping LiNbO 3 with transition metals or trivalent lanthanides ͑Ln 3+ ͒.
2,3
The optical and structural properties of Ln 3+ -doped LiNbO 3 have been investigated by Liu et al. 4 Channeling techniques combined with Rutherford backscattering ͑RBS͒ or nuclear-reaction analysis ͑NRA͒ have become important tools for the analysis of impurities in the crystallographic lattice sites of metals 5, 6 and semiconductors. 7, 8 The presence of impurities in such materials arises from the strong dependence of their spectroscopic properties on the chemical environment that surrounds the dopant. Ln 3+ impurities when used as dopants in LiNbO 3 are incorporated with charge compensation, leading to the creation of defects.
9 Eu 3+ is known by its unique optical properties and is considered a spectroscopic probe. However, in the case of LiNbO 3 :Eu 3+ , when its spectroscopic properties, i.e., spectral profile, are compared to the results of the channeling techniques, efforts to locate the crystallographic lattice site becomes largely ambiguous. 13 we did analyze the spectroscopy properties of LiTaO 3 :Eu 3+ powder prepared by the Pechini method.
14 It was observed at least three Eu 3+ sites without a center of symmetry, but no comments were advanced as to the nature of the sites as well as the relative amount of Eu 3+ in each site. In this work, we propose to use the spectroscopy properties of Eu 3+ at different concentrations as a dopant in LiTaO 3 while correlating the results with the structural data obtained by the Rietveld method.
15

EXPERIMENTAL PROCEDURE
The powdered Li 1+2x Ta 1−x Eu x O 3 were prepared via the polymeric precursor method, 14 with x = 0.0010-0.0100, similar to that described by Gasparotto et al. 13 The x-ray diffraction data ͑XRD͒ were collected using a RIGAKU® RINT2000 rotating anode diffractometer with Cu K␣ radiation monochromatized by a curved graphite crystal, the interval lying between 20°and 100°͑2͒, 0.02°͑ 2͒ time per point of 0.3 s. The Rietveld refinement 15 was carried out using a GSAS ͑Ref. 16͒ suite with an EXPGUI ͑Ref. 17͒ interface. The peak profile function was modeled using a convolution of the Thompson-Cox-Hastings pseudo-Voigt function, 18 as well as the asymmetry function described by Finger et al. 19 The model described by Larson and Von Dreele 16 was used to account for the anisotropy in the full width at half maximum ͑FWHM͒ reflections, while the model described by Stephens 20 was also used for anisotropic strain analysis.
The photoluminescence measurements were accomplished using spectroscopic excitation and emission from the solid powder samples at liquid nitrogen temperature ͑77 K͒. We have used a Fluorolog Spex F212L spectrofluorimeter, in the Front Face mode, a 450 W xenon lamp as the light source and a Hamamatsu R298 water cooled photomultiplier.
RESULTS AND DISCUSSION
Pure and doped crystalline lithium tantalate powders were obtained at 650°C. Figure 1 shows some diffraction patterns of the pure LiTaO 3 and Eu-doped LiTaO 3 , just as presented by the group in a recent published article. 13 The quantitative analysis of the phases based on the Rietveld method indicates a percentage of 1.1͑1͒ wt % of Ta 2 O 5 phase, which tells us that LiTaO 3 is present in 98.8͑1͒ wt %. All the doped samples form a 100% LiTaO 3 phase, and this leads us to conclude that the presence of the Eu 3+ ions reduces the temperature for the formation of the LiTaO 3 phase. Also, the doping ions are probably incorporated into the lattice of LiTaO 3 once no secondary phases have been detected taking into account the limit of detection.
As a luminescent probe of crystallographic sites and symmetry of RE 3+ ions in the LiNbO 3 host, Eu 3+ ion has been used as a dopant because its specific emission properties and nonsplitted 5 Therefore, the number of observed bands assigned to this transition corresponds directly to the number of Eu 3+ sites without an inversion center.
In the emission spectra of Fig. 2 , two sets of bands are highly noticeable: one of those centered at 581 nm and the other one at about 584 nm. In the primer, only one band that reveals just one site can be observed. The former set of 0-0 bands can be ascribed to at least two sites. The deconvolution of the 0-0 bands are also shown in Fig. 2 , presented as doted lines under the continuous lines representing the original spectra, where we use Gaussian bands to perform the fitting process. The assignment of each band was presented in accordance with the sites of LiTaO 3 . In this compound three distorted octahedral sites ͑CN= 6͒ were available, i.e., the Li + site, the Ta 5+ site, and a free octahedral site. We ascribed the 0-0 band at 581 nm to a Eu 3+ ion occupying a Li + site, while the set of 0-0 bands around 584 nm was ascribed to a Eu 3+ ion at a Ta 5+ site. 13 Due to the proximity of the two bands centered at 584 nm, that is, a small ⌬ ͑ϳ0.30 nm͒ between 584 nm bands as compared to the ⌬ ͑ϳ3.0 nm͒ between the two sets of 0-0 bands ͑581/ 584 nm͒, both were ascribed to a Eu 3+ at a Ta 5+ site. The 584 nm bands were named A and B, respectively.
Let us now consider the intensity ͑I͒ of the 0-0 transition. This quantity is proportional to the area ͑S͒ under the spectral band and depends explicitly on the Einstein spontaneous emission coefficient ͑A rad ͒ of the said transition, its baricenter ͑͒, and the population ͑N͒ of Eu 3+ ions in the excited state ͑ 5 D 0 ͒, and this expression can be written as 22, 23 
Since all sites of the LiTaO 3 matrix are distorted octahedrals, there are two possible approximations to consider. First let set the spontaneous emission coefficients ͑A rad ͒ and the baricenter ͑͒ of the 0-0 bands as having approximately the same value. Therefore, the occupation fraction of a given Eu 3+ site ͑F i ͒ will be proportional to the ratio of its corresponding 0-0 band area ͑S i ͒ and the total area of the 0-0 bands ͚͑ i S i ͒, i.e., 
By taking into account the area under the 0-0 bands observed in the emission spectra of LiTaO 3 :Eu 3+ samples, it was possible to determine the occupation fraction of Eu 3+ ions in the sites of the LiTaO 3 matrix. Now, if only the spontaneous emission coefficients were considered equal, we have to change S i by S i which is the ratio S i / i , and instead of having the occupation fraction F, we will get F . In practice, as our first subjection is reliable, both occupation fractions ͑F and F ͒ do not have significant changes in their values and they have the same behavior as a function of the Eu 3+ content. For that reason and in order to simplify the discussion, we will only deal with F. The occupation fraction of Eu 3+ ions are presented in Fig. 3 .
The general tendency observed in F as the Eu 3+ content increases from 0.10 to 1.00 at. % is that there is an increase in the amount of substitutions in Ta 5+ sites ͑A and B͒, followed by a diminution of substitutions in the Li + site. The magnitude of F, the position of the 0-0 band in the emission spectrum, and the FWHM for each site are presented in Table  I . The position of the bands has small shifts, and all bands are relatively broad, with a FWHM= 15 cm −1 , a characteristic that justifies the Gaussian shape of each 0-0 emission. 10 The results are compatible with the work of Muñoz Santiuste et al., 10 which correlated the
of Eu 3+ with the ͓Li͔ / ͓Nb͔ molar ratio in LiNbO 3 :Eu 3+
1.0 at. % crystals. Muñoz Santiuste et al. described a total of four sites which were divided into two sets: the first one has an increase in the 0-1 emission area with an increasing ͓Li͔ / ͓Nb͔ molar ratio, while the second recorded a decrease in the 0-1 emission area. Thus, this leads us to deduce that the same distribution pattern of Eu 3+ ions is observed once the ͓Li͔ / ͓Nb͔ molar ratio is varied in LiNbO 3 :Eu 3+ 1.0 at. % and with a fixed ͓Li͔ / ͓Ta͔ = 1 ratio and a variable Eu 3+ content.
More so, for a description of the general tendency observable in the occupation fraction in Fig. 3, we first substitution, as suggested in Eq. ͑4͒, the formation of oxygen vacancies tends to be favorable because this same defect leads to the formation of a more opened structure, with a small enthalpy of formation. Consequently, the incorporation of Eu 3+ ions into Ta 5+ sites tends to prevail. Moreover, this effect will be more evidenced where there is an increase in the Eu 3+ content. Nevertheless, the formation of oxygen vacancies is more favorable once it gives rise to opened local structures, which can easily incorporate Eu 3+ ions that possesses the highest ionic radius compared to Li + and Ta 5+ . The results found for the occupation fraction of the three observed sites as a function of the Eu 3+ content were compared as well as the variation in the unit cell parameters and the molar volume, both derived by the Rietveld refinement of the XRD data. In Fig. 4 the occupation fraction of the Ta 5+ sites is compared with the variation in the a cell parameter as a function of the Eu 3+ content. The red line stands for the Ta 5+ ͑A͒ site, whereas the blue one for the Ta 5+ ͑B͒ site. The behavior of the occupation fraction curves is similar to the variation in the a unit cell parameter, bearing an increase in both quantities with the Eu 3+ content. Some deviations can though be observed in the occupation fraction of the Ta 5+ ͑A͒ site of LiTaO 3 :Eu 3+ 0.10 at. % as well as in the Ta 5+ ͑B͒ site of LiTaO 3 :Eu 3+ 0.25 at. %. Besides, the sum of the two occupation fractions of Ta 5+ sites ͑A+B͒ gives us the total F as presented in Fig. 3 .
For the Li + site, the behavior of the occupation fraction as a function of the Eu 3+ content is similar to that presented in Fig. 3 , although the comparison between the variation in the c unit cell parameter with the Eu 3+ content is exactly the same ͑Fig. 5͒. As the F͑Li + ͒ diminishes with the Eu 3+ content, the unit cell volume ͑V͒ will strongly depend on the F͑Ta 5+ ͒, which thus lead to a similar variation in V and a as a function of the Eu 3+ content.
CONCLUSION
We have reported the distribution and occupation fraction ͑F͒ of LiTaO 3 compensate the total charge. The formation of this defect increases the Eu 3+ CN and, consequently, its ionic radius. Additionally, we correlated the variation in the occupation fraction of each site with the variation in the unit cell parameters by the Rietveld analysis method. By so doing, we could observe variations in the unit cell parameters similar to that observed in the occupation fraction with Eu 3+ concentration. 
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